In this work we propose a methodology named QUEM (Quantitative Usability Evaluation Model) for quantitative usability evaluation of e-commerce websites. Many e-commerce websites lack user friendliness. The main factor that prevents these firms to conduct usability testing is the high costs and the need for usability experts. In this work, ISO/IEC 9126-1:2001 quality model was selected as a basis for defining usability characteristics of our model. Based on these standard usability characteristics a set of usability factors is proposed specifically for evaluation of e-commerce websites. The usability factors of QUEM model have been extracted from a wide range of usability guidelines and checklists. Since all of the usability factors do not have the same significance in the overall usability assessment of the web sites, the proposed factors have been weighted by adopting AHP (Analytical Hierarchical Processing) approach. In order to demonstrate the efficiency of QUEM model, usability of two e-commerce systems has been assessed by adopting this model. QUEM model enables the e-commerce firms to measure the usability of their sites in a minimum cost and span of time.
1.INTRODUCTION
With the vast development of information technology and global advances in this field, e-commerce plays an important role in operations of companies. In recent years much concern has been attracted towards increasing the usability of e-commerce websites and developing usability evaluation methods. Since e-commerce has become the main distributing channel between companies and the customers in B2C transactions, focusing on the quality of this channel and the service that it renders to customers, is very critical for the sustain of the business. Usability is one of the most important factors in system quality. There exists two approaches to evaluate the usability of any e-commerce system; the first approach is to evaluate the system based on user's point of view and the second one is based on the developer or experts' point of view. Therefore, the quality evaluation of an e-commerce system is mainly based on two approaches [1]: one is evaluating the quality of final developed system and the second approach is qualification of the process of system development. In this research, the first approach has been adopted to assess the usability of e-commerce websites. In order to evaluate the quality of developed systems, a set of quality characteristics and criteria are required as a basis to describe the system quality. This set of characteristics and the relationship between them is called the Quality Model [2] .
In our research, after extensive research that has been conducted to analyze and compare different software quality models, the ISO/IEC 9126-1:2001 quality model has been adopted as a basis to focus on usability characteristics of e-commerce websites. For customizing these characteristics specifically for e-commerce websites, a wide range of usability guidelines and checklists were studied, which were mainly centered on works done by Nielsen, IBM and W3G guidelines. Hence, in our model -which is named QUEM model-we propose a generic set of sub-characteristics for evaluation of ecommerce websites.
In the following sections we will have an overview on existing quality evaluation methods and approaches. Then the research methodology will be discussed. Finally in the experimental result section, the presented QUEM model is applied on two e-commerce systems and their usability is assessed and quantified into numerical values and compared with each other.
REVIEW OF THE LITERATURE
Although from 1976 much research has been done by the experts to define a general quality model and an approach to evaluate the usability of websites, a general and inclusive accepted methodology for evaluating the quality of websites has not been presented yet. Some of the current approaches just define an overall measurement of the website's design, while they are not specifically developed for evaluation of ecommerce websites. There have been some researches that take into account the features of e-commerce websites, but they have a limited scope and do not include all usability features. Another shortcoming of presented evaluation methods is that they are just useful to assess the overall quality of websites without being able to evaluate special features of them. Some of the existing usability evaluation methods still require the usability experts to assess the usability of the site, while others consider the same importance for all usability features of the website. In the table 1, some of the most well-known methods, approaches and developed set of quality metrics are overviewed and compared against certain shortcomings which were discussed above. The listed shortcomings in table 1 prevent these quality evaluation methods and guidelines to render effective results. Therefore, the aim by presenting QUEM model in our research is to fix the shortcomings of previous models. QUEM model with its hierarchal structure helps the e-commerce firms and developers to conduct usability testing without the need for experts or usability skills.
RESEARCH METHODOLOGY
As discussed in section 1, in order to identify a set of usability factors we have adopted the ISO/IEC 9126-1:2001 standard model as a basis for hierarchal structure of QUEM model. One of the main features of ISO/IEC 9126-1:2001 model is that it has been defined based on the international consensus and agreement of all country members of ISO organization. Another distinct feature of this model is that it's hierarchical structure and framework supports both top-down and bottom-up approaches in evaluating the quality of systems. As mentioned in [14] , the most significant characteristics of ISO/IEC 9126-1:2001 quality model are:

Having evaluation criteria  Unambiguous terms and expressions  Accurate definitions of characteristics  One-to-many relationship between various layers of the model  Hierarchical structure
In ISO/IEC 9126-1:2001 quality model, the usability attribute consists of three characteristics: Understandability, Learnability and Operability [14] .
After validating ISO/IEC 9126-1:2001 quality model as the best choice for the basis of our methodology, we offer to customize it to be used specifically for evaluation of B2C e-commerce websites. In the next section our customized criteria are presented.
Identification of Usability Factors
In QUEM model a set of usability factors were indentified based on the extensive literature survey, and have been categorized in a hierarchical structure. Some researchers claim that quality factors such as navigability, customizability are not included in ISO/IEC 9126-1:2001 quality model [14] , while our model covers these criticisms by proposing these quality factors under their relative characteristic in the ISO/IEC 9126-1:2001 model. Based on discussions presented in [15, 16, 17, 18 and 19] , the usability factors of QUEM model have been defined as presented in Table 2 
Hypothesis Testing
In order to assess the validity of proposed usability factors in QUEM model, the Delphi technique was employed. In this method in order to gather required statistical information a structured survey should be prepared and given to participants, who are mainly experts. The advantage of this model is the avoidance of direct confrontation of the experts. [20] In validation test phase of our research, a group of 16 experts were requested to join and participate in the survey. They were mainly experts in the fields of ecommerce, software engineering and Human Computer Interaction (HCI). Most of them were among the university lecturers with more than 10 years of experience. Afterwards, a questionnaire was developed which consisted of the usability factors of QUEM model and was sent to the experts. They were asked to give their idea whether they agree on these factors or not. In Delphi method, the survey should be performed in several rounds until all the experts agree on the finalized selected factors [21] .
In our work this process was repeated in two rounds. The responses in the second round were very close to those of the first round. During these two rounds, one of the operability factors was omitted due to its lower ranking in both rounds. After proving the validity of the QUEM model, the reliability of the proposed usability factors was established by testing their internal inconsistency by computing the Cronbach's Alpha. The Cronbach's Alpha was computed separately for each usability characteristics. The computed values for Understandability, Learnability and Operability were 0.75, 0.63 and 0.81. The results demonstrate a marginal reliability for Learnability factor, while it has high reliability for the other two usability factors.
Weighting the Factors of QUEM Model
Usability characteristics are subjective concepts that can be evaluated based on different viewpoints, which makes for different results. Considering the fact that all of the usability factors do not have the same importance in overall assessment of the usability, the need arises to give a reasonable weight to these factors. In this work, the Analytical Hierarchy Process (AHP) has been adopted to assign weigh to the proposed usability factors. AHP is a powerful decision making tool for multiple evaluation criteria and uncertain situations, which makes complicated problems easier to be analyzed. In AHP method, the relative importance of each factor is evaluated based on the comparison among all factors by the expert. Final outcome of this method is the average weight that is assigned to each usability factor. In order to weigh usability factors of QUEM model, the same group of the 16 experts was requested to participate. A checklist was prepared and presented to them to compare and rank the given usability factors. Based on the pair wise matrix, the eigenvector approach was adopted to calculate the weights of the factors. This was based on the eigenvector which corresponds to the largest Eigen value (λ max ). Finally, by adopting the Saaty's consistency index (CI) [22] , consistency ratio (CR) for each questionnaire was verified. Considering the fact that the best consistency ratio in AHP should be lower than 0.1, the questionnaires with higher consistency ratio were eliminated, so that all the results could be applied to AHP standard. The final weights of the usability factors were identified and the mean average of the given weights was considered to be a valid weight for each factor. The normalized resultant weights of the understandability, learnability and operability of the QUEM model are shown in Figure. 1, 2 and 3. 
EXPERIMENTAL RESULT
In order to demonstrate the application of QUEM model and its validation, this model was applied on two of the most well-known e-commerce websites; Amazon [23] and Ebay [24] . A survey was conducted among a group of university students to rank the features of these two websites based on the checklists that was presented to them.
The participants of the survey were consisted of 47 university students among different fields of study. The Operability questionnaires were composed of the usability factors of QUEM model, and the students were asked to rank these factors out of 100 score.
After collecting the questionnaires, the results were normalized and the average score for each of the factors for both websites was computed as shown in Table 3 . The calculated values of Table 3 are the scores given to usability factors of these websites, regardless of the weights of the factors. This does not render a precise usability evaluation result.
Table3. Usability values of Amazon and Ebay Portals
Therefore, to assess the usability of these websites by considering the acquired weights of the factors, equation (1) was employed on the collected data, and the finalized score of each usability characteristic for both portals was calculated. Figure 4 shows the comparative graph between the finalized scores of both websites.
Figure 4: Usability scores of Amazon and Ebay websites
As expected, one can see that generally Amazon and Ebay have the same rankings. The only exception is for the learnability factor, in which Ebay has a higher score.
CONCLUSION
In this research we propose a methodology named QUEM, for quantitative usability evaluation of e-commerce websites. By analyzing most well-known usability guidelines and quality models, the ISO/IEC 9126-1:2001 quality model was selected as a basis for our model. In order to propose an inclusive and effective usability evaluation method, a set of usability factors were identified and extracted from a wide range of usability guidelines and checklists. After conducting hypothesis testing to check the validly and reliability of the QUEM model, the weights of the factors have been calculated by adopting the AHP approach. To apply the model to real environment and prove both its efficiency and conclusiveness, two e-commerce portals were selected to be evaluated as case studies. The QUEM model by covering the shortcomings of previous methodologies and minimizing the required cost and effort enables the e-commerce firms and website developers to conduct a precise usability testing for their website without the need for experts.
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